The association of lifestyle factors with serum gamma-glutamyltransferase (GGT) was examined in 1176 Japanese male office workers aged 40-59 years. Those who had serum aminotransferase levels exceeding the normal range and/or who took prescription medication for, or had a past history of, liver disease were excluded. From the logistic regression analysis, lifestyle factors showing a positive association with high serum GGT (^60 U/l) were body mass index, alcohol intake, cigarette smoking, and snacking between meals. On the other hand, coffee drinking showed an inverse association with high serum GGT. As for the relationships between snacking between meals and other lifestyle factors, snacking between meals was significantly related to alcohol intake (negative) and coffee drinking. Influences of snacking between meals on serum GGT are likely to be indirectly mediated through coping mechanisms of less alcohol drinking and more coffee drinking. Our findings support the conclusions that alcohol drinking, obesity, and cigarette smoking are positively associated with raised serum GGT and that coffee consumption is inversely related to raised serum GGT.
INTRODUCTION
Serum gamma-glutamyltransferase (GGT) has been widely used as a laboratory test for hepatobiliary diseases, especially of alcoholic liver disease. However, serum GGT has been found to have high specificity but low sensitivity to changes in alcohol consumption. 1 ' 2 As a screening test for alcoholism and alcohol abuse, the claimed advantage of its sensitivity is also marred by its lack of specificity. 3 Furthermore, serum GGT also correlates poorly with long-term average alcohol intake measured with daily diaries among non-alcoholic men. 4 On the basis of our laboratory's conventional reference range (<60 U/l), we found that as many as 14% of the total male population, and almost 6% of teetotalers, were being classified as having an abnormal serum GGT level.
Correspondence to: Noriyuki Nakanishi, Department of Social and Environmental Medicine, Course of Social Medicine, Osaka University Graduate School of Medicine F2, 2-2 Yamada-oka, Suita-shi, Osaka 565-0871, Japan. Tel: +81 66 879 3911; fax: +81 66 879 3919; e-mail: noriyuki@pbhel.med.osaka-u.ac.jp Thus, factors other than alcohol are involved. As for the association between lifestyle and serum GGT, numerous previous studies have found that serum GGT associates positively with obesity as well as alcohol intake. 5 " 17 Recent epidemiological studies have suggested possibly beneficial effects of coffee consumption on serum enzyme levels, particularly serum GGT activity. 11 " 19 Furthermore, a negative association between serum GGT and dietary factors such as bread, sugar and fruits has been shown in several studies. 7 ' 8 Several studies have reported a negative association between serum GGT and physical activity level, 9 " 13 but another has not. 20 It is unclear whether smoking is independently and positively associated with serum GGT levels. [13] [14] [15] [16] [17] In this setting, the evaluation of a worker's lifestyle in the stage of primary prevention of raised serum GGT is considered important. To prevent the incidence of raised serum GGT, it is crucial to be aware of lifestyle factors which can influence serum GGT. Knowledge of lifestyle factors related to raised serum GGT would allow planners of health care to focus on primary prevention efforts for the highest risk groups. In this report on a cross-sectional study based on annual health examinations at the workplace, we have tried to identify the lifestyle factors related to raised serum GGT.
SUBJECTS AND METHODS
A survey to evaluate the association between lifestyle and serum GGT was conducted in May 1994 among employees of T Corporation, which is one of the biggest building contractors in Osaka. In Japan, annual health examinations have been conducted since 1972 under the Industrial Safety and Health Law. All Japanese male office workers aged 40-59 years were invited to attend health examinations (w=1372), and the participation rate was 100%. The survey included a questionnaire on lifestyle, physical examinations, and collection of blood samples for laboratory analysis. For lifestyle, we chose the eight items (overall obesity, alcohol intake, cigarette smoking, eating breakfast, snacking between meals, physical exercise and hours of sleep, identified in the studies of Belloc and Breslow, 21 and coffee drinking). Body mass index (BMI) was used as a measure of overall obesity, and weight and height were measured with the subjects wearing typical indoor clothing, but without their shoes. BMI was calculated as weight/height 2 (kg/ m 2 ). Alcohol consumption was measured by a quantity and frequency questionnaire. An interviewer assessed the usual weekly intake of alcohol in units of 'go' (a traditional unit of measurement, by volume, corresponding to 23 g of ethanol), which were converted to grams of ethanol per day. One 'go' is 180 ml of sake, and corresponds to one bottle (633 ml) of beer, two single measures (70 ml) of whisky, or two glasses (180 ml) of wine. Data on lifestyle were divided into three subclassifications: overall obesity (^21.9 kg/m 2 , 22.0-24.1 kg/m 2 , and ^24.1 kg/m 2 ), alcohol consumption (none, ^45.9 gof ethanol/day, >46.0 gof ethanol/day), smoking (none, ^29 cigarettes/day, ^30 cigarettes/ day), eating breakfast (hardly, sometimes, every morning), snacking between meals (hardly ever, sometimes, every day), coffee consumption (none, 1 or 2 cups/day, 3 cups/day or more), physical exercise (hardly ever, once/ week, twice/week or more), and hours of sleep (45.9 h/ night, 6.5-7.4 h/night, 7.5 h/night). Medical history of each subject was also assessed by examining physicians. While the participant was fasting, blood samples were drawn from an antecubital vein for the determination of serum GGT activity. Serum GGT concentrations were assayed at the Nihon Clinical Laboratories Inc. (Tokyo, Japan), based on the methods recommended by the Japan Society of Clinical Chemistry, 22 with an Olympus AU-5000 (Olympus Japan Co., Ltd, Tokyo, Japan) using commercial reagents (International Reagents Corp., Kobe, Japan). Of a total of 1372 subjects, 166 (12.1%) were identified as having a level of 40 U/l of serum aspartate aminotransferase and/or alanine aminotransferase. We excluded these 166 subjects to avoid a possible bias, as suggested by Klatsky and Armstrong, 23 and because persons with liver disease or liver dysfunction might have reduced coffee consumption because of impaired caffeine clearance. 24 ' 25 For 30 subjects (2.2%) who took prescription medication for liver disease, or had a past history of liver disease, normal values of aspartate aminotransferase and/or alanine aminotransferase were recorded. The remaining 1176 subjects made up the study population.
Analytical procedures
Logistic regression analyses were used to evaluate the age-adjusted and multivariate relations between serum GGT and risk factors, and the cut-off point of serum GGT was set at 60 U/l. Data on lifestyle, except overall obesity, were treated as categorical variables in the logistic regression models. Odds ratio (OR) estimates compared to the reference level of each subclass were calculated by creating two dummy variables for each variable as follows: xl=0, x2=0 for the reference level; xl=l, x2=0 for the second level; and xl=0, x2=l for the third level. Tests for heterogeneity tendency of the OR estimates were also performed. Data analysis was performed with the SPSS/PC statistical package (Marija J. Norusis, SPSS Inc., Chicago, IL, USA). All reported P values are two-tailed and a P value of less than 0.05 was considered significant. Table 1 shows the percentages of subjects with high serum GGT activity according to age and lifestyle. The percentages of those with high serum GGT differed significantly among the subclasses of age, alcohol intake, snacking between meals, coffee drinking, and hours of sleep.
RESULTS
For age, the proportion of those with high serum GGT was the highest among those aged 45 -49 years. The percentage of those with high serum GGT increased with an increase in alcohol intake. On the other hand, the percentages of those with high serum GGT decreased along with increases in snacking between meals and coffee drinking.
The percentage of those with high serum GGT was higher among those who slept ^ 6.4 h/night than among those who slept ^6.5 h/night. There were no significant differences in the proportion of those with high serum GGT among the subclasses of BMI, cigarette smoking, eating breakfast, and physical exercise. Table 2 shows age-adjusted ORs for high serum GGT determined with the logistic regression model. Factors showing a statistically significant parameterresponse relationship with high serum GGT were BMI, alcohol intake, cigarette smoking, eating breakfast, snacking between meals, and coffee drinking. There was no significant parameter-response relationship for hours of sleeping, but the age-adjusted OR for sleepinĝ 7.5 h/night relative to sleeping ^6.4 h/night was 1.66 (95% CI, 1.03-2.69). No significant association was observed for physical exercise. Table 3 shows adjusted ORs for high serum GGT in a multivariate model in which factors independently Table 1 . Percentages of the subjects with high (>60 U/l) serum gamma-glutamyltransferase activity, according to age and lifestyle N. Nakanishi e( a/.: Lifestyle and serum GGT 117 associated with high serum GGT were identified through mutual adjustment. BMI, alcohol intake, cigarette smoking, snacking between meals, and coffee drinking remained as statistically significant factors associated with high serum GGT. The adjusted OR for an increase in BMI of 2 kg/m 2 was 1.21 (95% CI, 1.07-1.38). The adjusted ORs for drinking ^45.9 g/day and ^46.0 g/ day of ethanol relative to non-drinking was 2.13 (95% CI, 1.37-3.31) and 3.85 (95% CI, 2.34-6.31), respectively. The adjusted OR for smoking >30 cigarettes/day, compared with non-smoking, was 1.76 (95% CI, 1.15 -2.68). The adjusted ORs for snacking between meals at some time and every day relative to non-snacking were 0.57 (95% CI, 0.38-0.85) and 0.50 (95%: 0.25-0.98), respectively. The relative values for drinking 1 or 2 cups of coffee/day and 5=3 cups/day were 0.59 (95% CI, 0.38-0.92) and 0.29 (95% CI, 0.17-0.51), respectively. By contrast, we found no definite associations between high serum GGT and eating breakfast, physical exercise and hours of sleep.
Analyses of simple and partial correlations were carried out to clarify the relationships among the variables (Table 4 ). In both simple and partial correlation analyses, strong correlations were found to exist between cigarette smoking and alcohol intake and coffee drinking and between snacking between meals and BMI, alcohol intake (negative), and coffee drinking.
DISCUSSION

Alcohol intake and obesity
Alcohol intake and obesity are well-established determinants of serum GGT levels. 5 " 17 In this study, we also found that alcohol intake and overall obesity indicated by BMI were maintained as independent risk factors for high serum GGT. Alcohol intake in Japan, especially among men, is high and has been gradually increasing, 26 and about 12% of our participants showed the BMI level of > 26.4 kg/m 2 . Considering the adverse effects of alcohol intake and obesity on serum GGT, it is important to promote the health education programmes for a reduction in alcohol intake and appropriate body weight for this population. 
Coffee drinking
In agreement with results from earlier studies, found an independent inverse relation between coffee intake and high serum GGT. However, the inverse association between coffee and serum GGT could be attributable to a reduction in coffee consumption among the subjects who had elevated serum GGT as a manifestation of their liver disease or liver dysfunction, since such individuals could involuntarily have avoided coffee consumption due to their impaired caffeine clearance. 23 " 25 We excluded the subjects who had elevated aminotransferase levels and/or who had been administered medical care for or had a past history of liver disease, and it is unlikely that raised serum GGT could solely induce a reduction in coffee consumption.
The mechanism by which coffee causes a decrease of serum GGT is still uncertain. Nilssen et al. u ' i2 have demonstrated that boiled coffee may decrease high serum GGT more than filtered or instant coffee. Cafestol, which is one of the diterpenes (non-triglyceride lipids present in boiled coffee), has been shown to decrease serum GGT. 19 We did not obtain information regarding brewing methods of coffee, but instant coffee is most popular in Japan, followed by brewed (mostly filtered) coffee, whereas use of unfiltered coffee is virtually absent. 27 Since high levels of cafestol occur in unfiltered boiled coffee, but negligible amounts are found in filtered and instant coffee, 28 the above finding by Nilssen et al. x ' and Nilssen and Forde 12 is likely to be attributable to the presence of cafestol in boiled coffee. However, the presence of cafestol does not fully explain the inverse association between coffee drinking and serum GGT, because the majority of our study population did not drink unfiltered boiled coffee. Additionally, the negative association between serum GGT and filtered or instant coffee has been found in several different populations. ' 4 ~] 8 To some extent the association between coffee drinking and serum GGT might also be attributable to caffeine, a major ingredient in coffee. Caffeine has various biological actions and possibly plays a crucial role in the observed associations of coffee intake. Sharp and Benowitz 15 showed that estimated caffeine intake and serum caffeine were associated with decreased serum GGT. On the other hand, green tea, another popular source of caffeine in Japan, has not been found to be inversely related to serum GGT levels.
14 ' 17 Further studies are warranted to elucidate what substances in instant and filtered coffee are responsible for decreased serum GGT levels or the protection of raised serum GGT in the liver.
Smoking
Recent investigations into the effects of smoking on serum GGT levels have variously found that it is either positively related 16 ' 17 or unrelated 13 ' 15 for men. In a study of a Japanese population, a positive association was found only among men who drank coffee infrequently or not at all. 14 We found an independent association between cigarette smoking and serum GGT levels. However, it is uncertain whether such an association was truly independent of the confounding effect of alcohol consumption, which correlated positively with cigarette smoking (r= 0.258, P<0.001). Thus, caution must be exercised in interpreting the above finding on cigarette smoking.
Physical activity
Several studies have also variously found that the association between physical activity and serum GGT is either inversely related 9 " 13 or unrelated. 20 In this study, there was no significant association between serum GGT and the frequency of physical exercise per week. Further studies are needed to clarify whether physical activity contributes to or is responsible for decreased serum GGT levels.
Snacking between meals
In this study, snacking between meals was an indepen-N. Nakanishi el a/.: Lifestyle and serum GGT 119 ) were exact values. Alcohol intake, cigarette smoking, eating breakfast, snacking between meals, coffee drinking, physical exercise, and hours of sleeping were graded 1-3; alcohol intake (none, ^45.9 g/day of ethanol, 3:46.0 g/day of ethanol); cigarette smoking (none, <29 cigarettes/day, >30 cigarettes/day); eating breakfast (hardly ever, sometimes, every morning); snacking between meals (hardly ever, sometimes, every day); coffee drinking (none, 1 or 2 cups/day, 3 cups/day or more); physical exercise (hardly ever, once per week, twice per week or more); and hours of sleep (<6.4 h/night, 6.5-7.4 h/night, >7.5 h/night). dent negative factor associated with high serum GGT. From the simple correlation analysis, snacking between meals was significantly related to lifestyle factors such as overall obesity indicated by BMI (Pearson's r=0.134, P<0.001), alcohol intake (r = -0.203, P<0.001), and coffee drinking (r= 0.115, P< 0.001). Hence, if there are any influences of snacking between meals on serum GGT in this population, they are likely to be indirectly mediated through coping mechanisms of less alcohol drinking and more coffee drinking.
Study limitations
There are several limitations in this study. Factors such as regularity of drinking occasions, interviewer characteristics, phrasing of questions and even the perceived status of the beverage consumed have been found to affect the accuracy of the intake assessment. 29 ' 30 Furthermore, the veracity of replies, particularly to questions of alcohol consumption, may have been affected if employees felt compelled to take part in health examinations. Therefore, under-reporting might contribute to the possible confounding influences of alcohol consumption on other lifestyle factors. Secondly, it is reported that values of serum GGT fall to approximately half within 2 weeks and usually return to the reference range over 6-8 weeks. 2 In this study, alcohol intake was obtained as the usual weekly intake of alcohol and converted to grams of ethanol per day. We therefore believe that the influence of the time period chosen in this study on serum GGT was not very strong. Thirdly, selected factors for raised serum GGT in this study were age, overall obesity, alcohol intake, cigarette smoking, eating breakfast, snacking between meals, physical exercise, hours of sleep, and coffee drinking. However, other factors that were not evaluated or are unmeasured in this study could be those related to diet. 7 ' 8 Further studies are needed to clarify the association between dietary factors and serum GGT.
Despite these potential limitations, our findings support the conclusions that alcohol intake, obesity, and cigarette smoking are positively associated with serum GGT. On the other hand, coffee consumption is inversely associated with serum GGT and may possibly inhibit the induction of serum GGT in the liver.
